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Page 34 Location: Line 13 from sub title 
Is now: fry experiment and 0, 10 psu, 20 psu 
and 30 
Should be: fry experiment and 10 psu, 20 psu 
and 30 
Page 38  Location: Second line in note section 
Is now: soldier fly meal. Chemical 
composition 
Should be: soldier fly meal. †Chemical 
composition 
Page 39  Location: Line 18 
Is now: CrM (147, 300, and 443 g kg-1 % 
Should be: CrM (147, 300, and 443 g kg-1 ) 
Page 48 Location: From the bottom line 3 
2 
Is now: respectively (Table 12). 
Should be: respectively. 
Page 50 Location: Table 12 
Is now: Daily weight gain (g d-1)* 
Should be: Daily weight gain (g d-1) 
Page 52 Location: Line 14 from top 
Is now: the trial period of 2.5 months 
Should be: the trial period of 2.0 months 
Page 53 Location: Table 13 Daily weight gain (g day-1) 
row 3 
Is now: Final 
Should be: Whole  
Page 55 Location: Table 14 at note section part 
Is now: Specific growth rate = (Ln Measured weight - 
Ln Previous measured weight) / No. of 
days between samplings) x 100; ); Survival 
rate = (Final number of fish / Initial 
number of fish) x 100;  
Should be: Survival rate = (Final number of fish / 
Initial number of fish) x 100 
Page 57 Location: Line 6 from top 
Is now: 80 kg per year 
Should be: 80 % 
 
  
Page 40 in the thesis (Table 8)  
Is now:   
Table 1. Diet formulation (g kg-1) with inclusion of different levels of brewer’s yeast (BY) (Paper III) and black soldier fly meal (BSFM) and cricket meal 
(CrM) (Paper IV) 
Parameter 
Paper III† Paper IV†† 
BY0 BY1 BY2 BY3 Control BSFM-1 BSFM-2 BSFM-3 CrM-1 CrM-2 CrM-3 
Fish oil - - - - 50 50 50 50 50 50 50 
 Should be:  
Table 2. Diet formulation (g kg-1) with inclusion of different levels of brewer’s yeast (BY) (Paper III) and black soldier fly meal (BSFM) and cricket meal 
(CrM) (Paper IV) 
Parameter 
Paper III† Paper IV†† 
BY0 BY1 BY2 BY3 Control BSFM-1 BSFM-2 BSFM-3 CrM-1 CrM-2 CrM-3 
Fish oil - - - - 50 50 5 30 50 50 50 
Page 4 (in paper IV section) (Table 2) 
Is now:   
Table 2. Ingredient composition (g kg-1 dry matter) of experimental diets with different levels of black soldier fly meal (BSFM) and 
cricket meal (CrM ) replacing fish meal  
Ingredient (%) Control BSFM-1 BSFM-2 BSFM-3 CrM-1 CrM-2 CrM-3 
Fish oil 50 50 50 50 50 50 50 
Should be:  
Table 2. Ingredient composition (g kg-1 dry matter) of experimental diets with different levels of black soldier fly meal (BSFM) and 
cricket meal (CrM ) replacing fish meal  
Ingredient (%) Control BSFM-1 BSFM-2 BSFM-3 CrM-1 CrM-2 CrM-3 
Fish oil 50 50 5 30 50 50 50 
4 
Page 54: Table 14 
Is now:  
 Table 3. Chemical composition (mean ± standard deviation (SD)) of the diets containing different levels of black soldier fly meal (BSFM) and 
cricket meal (CrM) fed to fish in Paper IV, and of the fish body (analyses performed by National Institute of Animal Sciences, Hanoi, Vietnam) 
Parameter  Control BSFM-1 BSFM-2 BSFM-3 CrM-1 CrM-2 CrM-3 p-value 
Body weight (g) Initial  12.2 ± 0.82 11.4 ± 1.95 11.6 ± 2.4 11.7 ± 1.35 11.7 ± 0.85 11.8 ± 1.91 11.6 ± 1.87 0.99 
 Final 21.5 ± 2.94 26.2 ± 2.31 18.9 ± 3.8 18.4 ± 1.81 21.3 ± 0.23 22.3 ± 5.71 22.7 ± 5.75 0.22 
Feed conversion ratio  3.86 ± 0.94a 2.45 ± 0.6c 2.51 ± 0.64bc  2.31 ± 0.41 c 3.08 ± 1.03abc 3.41 ± 1.69ab 2.40 ± 0.99c 0.001 
Specific growth rate (% d-1)  0.89 ± 0.52 1.33 ± 0.50 0.78 ± 0.29 0.72 ± 0.22 0.96 ± 0.75 0.99 ± 0.29 1.04 ± 0.54 0.16 
Viscero-somatic index (%)  6.48 ± 1.79 6.40 ± 1.14 5.40 ± 0.38 5.91 ± 1.46 5.63 ± 0.76 6.23 ± 0.55 5.85 ± 0.98 0.88 
Hepato-somatic index (%)  1.21 ± 0.56 1.52 ± 0.34 1.36 ± 0.35 1.61 ± 0.61 1.39 ± 0.80 1.18 ± 0.26 1.12 ± 0.54 0.88 
Survival rate (%)  92.5 ± 12.8 97.1 ± 5.42 93.8 ± 10.3 95.8 ± 7.64 87.1 ± 18.4 92.9 ± 10.8 90.4 ± 15.6 0.50 
Should be:  
Table 4. Chemical composition (mean ± standard error (SE)) of the diets containing different levels of black soldier fly meal (BSFM) and cricket 
meal (CrM) fed to fish in Paper IV, and of the fish body (analyses performed by National Institute of Animal Sciences, Hanoi, Vietnam) 
Parameter  Control BSFM-1 BSFM-2 BSFM-3 CrM-1 CrM-2 CrM-3 p-value 
Body weight (g) Initial  12.2 ± 0.64 11.4 ± 0.91 11.6 ± 0.91 11.7 ± 0.91 11.7 ± 0.91 11.8 ± 0.91 11.6 ± 0.91 0.99 
 Final 21.5 ± 1.47 26.2 ± 2.08 18.9 ± 2.08 18.4 ± 2.08 21.3 ± 2.08 22.3 ± 2.08 22.7 ± 2.08 0.22 
Feed conversion ratio  3.72 ± 0.47 2.43 ± 0.64 2.51 ± 0.64 2.30 ± 0.64 4.06 ± 0.68 3.43 ± 0.64 2.40 ± 0.68 0.22 
Specific growth rate (% d-1)  0.89 ± 0.11 1.33 ± 0.16 0.78 ± 0.16 0.72 ± 0.16 0.96 ± 0.16 0.99 ± 0.16 1.04 ± 0.16 0.16 
Viscero-somatic index (%)  6.50 ± 0.47 5.68 ± 0.75 5.82 ± 0.70 6.41 ± 0.71 5.67 ± 0.67 6.12 ± 0.67 5.68 ± 0.67 0.89 
Hepato-somatic index (%)  1.21 ± 0.21 1.27  ± 0.33 1.51 ± 0.31 1.79 ± 0.31 1.40 ± 0.29 1.14 ± 0.29 1.06 ± 0.30 0.70 
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%RG\ZHLJKW %: J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SHULRGEXWZLWKQRGLIIHUHQFHVEHWZHHQWUHDWPHQWV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ILVKWHQGHGWRGLVSOD\LQFUHDVHGIHHGLQWDNH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DQG)&5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VHDEDVVLates calcariferLQ&DPERGLDLivestock Research for Rural 
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SHODJLF ILVK GLUHFWO\ IRU KXPDQ FRQVXPSWLRQ DQG QRW PDLQO\ IRU WKH
SURGXFWLRQRIILVKPHDO
)LVKPHDOLVWKHPDLQSURWHLQVRXUFHLQDTXDIHHGZLWKDERXWPLOOLRQ
WRQVRI ILVKPHDO FRQVXPHG LQ WKHDTXDFXOWXUH VHFWRU $EGXUet al 
)LVKPHDOLVZHOONQRZQDVDYHU\GLJHVWLEOHIHHGLQJUHGLHQWLQWKHGLHWRIPRVW
IDUPDQLPDOVGXHWRLWVKLJKHQHUJ\FRQWHQWDQGWKHIDFWWKDWLWLVDQH[FHOOHQW
VRXUFH RI SURWHLQ OLSLGV RLO PLQHUDOV DQG YLWDPLQV DQG KDV D ORZ
FDUERK\GUDWHFRQWHQW0LOHVet al0RUHRYHUWKHFRQWHQWRIGLJHVWLEOH
SURWHLQ LV DERYH  ZKLFK DOORZV WKH IHHG WR EH GLJHVWHG UDSLGO\ DQG
WKHUHE\UHGXFHVQXWULHQWOHDFKLQJDQGWKHFRQWHQWRIQXWULWLRQDOLQKLELWRUVRU
DQWLQXWULWLRQDO IDFWRUV LV ORZ$QRWKHUDGYDQWDJH LV WKDW ILVKPHDOFRQWDLQV
FRPSRXQGVWKDWPDNHLWPRUHDFFHSWDEOHDQGSDODWDEOHWRILVK 0LOHVet al
 DQG KDV D JRRG DPLQR DFLG SURILOH DQG HVVHQWLDO IDWW\ DFLG FRQWHQW
 %DFNJURXQG





SHU FDSLWD FRQVXPSWLRQ RI ILVK 9LODLQ et al  6PDOOVFDOH ILVKLQJ
UHFRJQLVHG DV SULPDULO\ D VXEVLVWHQFH DFWLYLW\ LV HVWLPDWHG WR DFFRXQW IRU
RI WRWDO LQODQGILVKHULHVSURGXFWLRQLQ&DPERGLD-RIIUHet al
&DSWXULQJILVKIURPQDWXUDOZDWHUERGLHVLVDVHDVRQDODFWLYLW\ZLWKWKHSHDN
ILVKLQJVHDVRQVWDUWLQJDWWKHHQGRIWKHUDLQ\VHDVRQDOWKRXJKVRPHQDWXUDO
ILVK VWRFNV DSSHDU WR KDYH GHFOLQHG RYHU WKH \HDUV $TXDFXOWXUH ILVK
SURGXFWLRQV\VWHPV LQ&DPERGLDDUHPDLQO\EDVHGRQ LQODQGFDJHFXOWXUH
PDLQO\ORFDWHGRQWKH0HNRQJ5LYHU7RQOH6DS5LYHU%DVVDF
5LYHU  DQG 7RQOH 6DS /DNH  7KHVH FRQWULEXWH  RI WKH





QRQILVKLQJ KRXVHKROGV 7KHLU VXUYH\ FROOHFWHG GDWD LQ HLJKW IUHVKZDWHU
ILVKHULHV SURYLQFHV .RPSRQJ &KKQDQJ 3XUVDW %DWWDPEDQG 6LHP5HDS














DQG IHHG LQSXWV DQG PRUH DGYDQFHG WHFKQRORJ\ WKDQ IUHVKZDWHU ILQILVK
DTXDFXOWXUH +RZHYHU GHPDQG LV SDUWO\ PHW E\ LPSRUWHG ILVK IURP





KDV HPSKDVLVHG WKH QHHG IRU PRUH UHVHDUFK DQG GHYHORSPHQW LQ RUGHU WR
VXSSRUWWKLVJURZLQJVHFWRUDQGVRPHH[WHUQDODVVLVWDQFHLVEHLQJSURYLGHG
E\ WKH 6RXWKHDVW $VLDQ )LVKHULHV 'HYHORSPHQW &HQWUH 6($)'(& DQG
-DSDQ ,QWHUQDWLRQDO &RRSHUDWLRQ $JHQF\ -,&$ $VLDQ VHDEDVV Lates 
calcariferLVRQHRILPSRUWDQWPDULQHVSHFLHVFXOWXUHGLQ&DPERGLD7\SLFDO
SUDFWLFH LV WR FDWFK ZLOG MXYHQLOHV RU SXUFKDVH ILQJHULQJV RI JURXSHUV
Epinephelus VS. VQDSSHUV Lutjanus malabaricus FRELD Rachycentron 
canadumSRPSDQRTrachinotus carolinusDQG$VLDQVHDEDVVDQGIDWWHQ
WKHPLQQHWFDJHVRQIHHGFRPSULVHGHQWLUHO\RIPDULQHWUDVKILVK
7KHDLPRI WKLV WKHVLVZDV WRKHOSSURPRWHVXVWDLQDEOHGHYHORSPHQWRI
PDULQHDTXDFXOWXUHLQ&DPERGLD$QLQLWLDOVXUYH\ZDVFRQGXFWHGWRFROOHFW
JHQHUDOLQIRUPDWLRQIURPIDUPHUVDERXWVHDEDVVFXOWXUHDQGIHHGXVHLQWKUHH
SURYLQFHV DORQJ WKH FRDVW 3UHDK 6LKDQRXNYLOO .DPSRW .RK .RQJ
([SHULPHQWV WHVWLQJ D UDQJH RI VDOLQLW\ OHYHOVZHUH WKHQ FRQGXFWHG DW WKH
0DULQH$TXDFXOWXUH5HVHDUFKDQG'HYHORSPHQW&HQWUH0$5'H&LQ3UHDK
6LKDQRXNYLOOSURYLQFH,QWZRDGGLWLRQDOVWXGLHVRQHDW0$5'H&DQGRQHDW
$Q *LDQJ 8QLYHUVLW\ LQ 9LHWQDP ORFDOO\ DYDLODEOH DOWHUQDWLYH IHHG
LQJUHGLHQWV IRU VHDEDVV EUHZHU¶V \HDVW FULFNHWPHDO DQGEODFN VROGLHU IO\
PHDOZHUHDVVHVVHG
%LRORJ\RI$VLDQVHDEDVVLates calcarifer
$VLDQ VHDEDVV DOVRFDOOHGEDUUDPXQGL LVRQHRIQLQHLates VSHFLHV LQ WKH
IDPLO\/DWLGDHDQGLVZLGHO\GLVWULEXWHGLQFRDVWDODQGIUHVKZDWHUUHJLRQVRI
WKH WURSLFDO ,QGRZHVW 3DFLILF IURP WKH 3HUVLDQ *XOI WR ,QGLD WR QRUWKHUQ
$XVWUDOLD%HUUD1HOVRQ$VLDQVHDEDVVLVDKLJKO\FDUQLYRURXV
DQGHXU\KDOLQHILVKDQGLV KLJKO\IHFXQGZLWKDVLQJOHIHPDOH!FPLQ
WRWDO OHQJWK 7/ EHLQJ FDSDEOH RI SURGXFLQJ XS WR  PLOOLRQ HJJV
5XDQJSDQLW'DYLV0RRUH'XQVWDQ+LJKVDOLQLW\
DSSHDUV WR EH DQ LPSRUWDQW IDFWRU LQ GHWHUPLQLQJ WKH ORFDWLRQ RI VHDEDVV
VSDZQLQJ JURXQGV 'DYLV  0RRUH  7KHVH JURXQGV PD\ EH
ORFDWHG LQ D YDULHW\ RI KDELWDWV LQFOXGLQJ HVWXDULHV FRDVWDO PXG IODWV
KHDGODQGV DQG RWKHU QHDUVKRUH ZDWHUV *DUUHWW  .XQJYDQNLM et al
 5XDQJSDQLW  'DYLV  0RRUH  6HDEDVV VSDZQ LQ
DVVRFLDWLRQZLWKWKHPRQVRRQVHDVRQZLWKWZRSHDNVGXULQJWKHQRUWKHDVW
PRQVRRQ $XJXVW2FWREHU DQG WKH VRXWKZHVW PRQVRRQ )HEUXDU\-XQH
5XDQJSDQLW,QWKHZLOGODUYDOVHDEDVVUHWUHDWLQWRHVWXDULQHQXUVHU\
VZDPSV ZKHUH WKH\ UHPDLQ IRU VHYHUDO PRQWKV EHIRUH WKH\ UHWXUQ WR WKH
HVWXDU\ RU FRDVWDO ZDWHUV 'DYLV  5XVVHOO 	 *DUUHWW  











PDUNHW YDOXH 5RELQVRQet al $VLDQ VHDEDVV LV FRQVLGHUHG D JRRG

















DUH KLJK LQ SURWHLQ VR LW FDQ EH DVVXPHG WKDW WKH ILVK GR QRW XWLOLVH
FDUERK\GUDWHVZHOO ,WKDVEHHQVXJJHVWHGWKDWWKHFDUERK\GUDWHFRQWHQWLQWKH
IHHGIRU$VLDQVHDEDVVVKRXOGEHWZHHQDQG%RRQ\DUDWSDOLQ





 PRQRSKRVSKDWH NJ GLHW RU  PJ DVFRUELF DFLGJOXFRVH NJ GLHW
HTXLYDOHQW WR  PJ RU  PJ DVFRUELF DFLG NJ GLHW UHVSHFWLYHO\ LV
UHSRUWHGWRUHVXOWLQQRUPDOJURZWKDQGSUHYHQWGHILFLHQF\VLJQV:DQDNRZDW
et al  :KHQ WKLV GLHW ZDV XVHG WR GHWHUPLQH WKH S\ULGR[LQH






ZKLOH WKDW RI PHWKLRQLQH O\VLQH DQG DUJLQLQH KDV EHHQ GHWHUPLQHG WR EH
DURXQG   DQG  UHVSHFWLYHO\ 0LOODPHQD et al  7KH
RSWLPDOOHYHORIQKLJKO\XQVDWXUDWHGIDWW\DFLG+8)$(3$'+$LQWKH
GLHWRIPDULQHILVKODUYDHLVDURXQGRIGU\PDWWHU=DPERQLQR,QIDQWH	























        QG QG &X]RQ	)XFKV

   QG  QG 6DNDUDVet al

    QG QG QG 6DNDUDVet al

      &DWDFXWDQ	
&RORVR
          :LOOLDPV	
%DUORZ
      :LOOLDPVet al
















FRXOGEHFRPSOHWHO\ UHSODFHGZLWKYHJHWDEOHRLODQG WKDWXS WRRI
ILVKPHDOLQWKHGLHWFRXOGEHUHSODFHGZLWKRXWFDXVLQJJURZWKSHUIRUPDQFH
SUREOHPV*OHQFURVVet al
7DEOH. Summary of vitamin deficiencies for Asian seabass (Lates calcarifer). Source: 







3\ULGR[LQH  D (UUDWLFVZLPPLQJKLJKPRUWDOLW\FRQYXOVLRQV
DYRLGDQFHRIVFKRROLQJ




























6SHQW EUHZHU¶V \HDVW LV WKH VHFRQG PDMRU E\SURGXFW IURP WKH EUHZLQJ
LQGXVWU\,WLVORZLQFDORULHVIDWDQGFDUERK\GUDWHVDQGLWFDQEHDYDOXDEOH
VRXUFHRIFKHDSILEUHPDLQO\JOXFDQV0DUWLQVet al$LPDQLDQGDet 
al/LXet alQXFOHRWLGHV 9LHLUDet alYLWDPLQVDQG
PLQHUDOV )HUUHLUD et al  DQG FKLWLQ 6LZLFNL et al  7KH
(XURSHDQ)RRG6DIHW\$XWKRULW\ ()6$KDV DOUHDG\ DSSURYHG WKH XVHRI
SaccharomycesJOXFDQVUHIHUUHGWRDV³\HDVW EHWDJOXFDQV´DVDQHZIRRG
LQJUHGLHQW DQG VXJJHVWV D GRVH UDQJLQJ EHWZHHQ  PJ DQG  PJ SHU
VHUYLQJ()6$JOXFDQVDUHVWUXFWXUDOFRPSRQHQWVRIWKHFHOOZDOO









6HYHUDO VWXGLHV UHSRUW WKDW UHSODFHPHQW RU VXSSOHPHQW RI EUHZHU¶V \HDVW
Saccharomyces cerevisiaeFDQHQKDQFHLPPXQHUHVSRQVHVDQGRUGLVHDVH
UHVLVWDQFHLQDQXPEHURIILVKVSHFLHVVXFKDVUDLQERZWURXW6LZLFNLet al
JLOWKHDGVHDEUHDPSparus aurata L.2UWXxRet alK\EULG
VWULSHGEDVVMorone chrysops î M. saxatilis/L 	*DWOLQ$WODQWLF
VDOPRQ Salmo salar (QJVWDG et al  (XURSHDQ VHDEDVV
Dicentrarchus labrax 2OLYD7HOHV 	 *RQFDOYHV  $VLDQ FDWILVK
Clarias batrachus .XPDUL 	 6DKRR  DQG SDFX Piaractus 
mesopotamicus2]yULRet al5REHUWVHQIRXQGWKDWDFWLYDWLRQ
RI WKH LPPXQH V\VWHP PHFKDQLVP E\ WKH \HDVW FHOO ZDOO RI JOXFDQ
VWLPXODWHGWKHSKDJRF\WLFIXQFWLRQDQGLQFUHDVHGSURWHFWLRQLQVHYHUDOILVK
VSHFLHVIROORZLQJFKDOOHQJHZLWKSDWKRJHQLFEDFWHULD3RQJSHWet al.
IRXQG WKDW WKH EUHZHU¶V \HDVW FRXOG UHSODFH XS WR  RI ILVKPHDO ZLWK
LPSURYHG JURZWK SHUIRUPDQFH RI 7KDL SDQJD Pangasianodon 




GHFUHDVH LQ JURZWK SHUIRUPDQFH SRVVLEO\ GXH WR SRRU XWLOLVDWLRQ RI QRQ

VWDUFKSRO\VDFFKDULGHV163DQLQGLJHVWLEOHFDUERK\GUDWHFRQWDLQHGLQSODQW
IHHG LQJUHGLHQWV DQGEUHZHU¶V \HDVW 3RQJSHWet al  (EUDKLPet al









,QVHFWV DUH WKH ODUJHVW FRPPXQLW\ RI RUJDQLVPV LQ WKH JOREDO HFRV\VWHP
([SORUDWLRQDQGXVHRILQVHFWUHVRXUFHVDVDSURWHLQVRXUFHLQ WKHDQLPDOIHHG
LQGXVWU\ FDQ EH DQ LPSRUWDQW FRPSRQHQW RI VXVWDLQDEOH DQG HFRORJLFDOO\








WKH OHYHOVRIZKLFKGHSHQGRQ WKH UHDULQJFRQGLWLRQV +HQU\et al
2QFH SURFHVVHG WKH RULJLQDO ZDVWH SURGXFW EHFRPHV LQVHFW ELRPDVV DQG
LQVHFWIUDVVWKHODUYDHDUHDYDOXHDGGHGSURGXFWDQGWKHIUDVVLVPXFKHDVLHU
WRPDQDJHWKDQWKHRULJLQDOZDVWHV'LHQHUet al
7KLV WKHVLV H[DPLQHG WKH ILVK IHHG SRWHQWLDO RI WZR ZLGHO\ DYDLODEOH
LQVHFWVLQ&DPERGLDEODFNVROGLHUIO\DQGFULFNHWV&ULFNHWVDUHSRSXODUDV
IRRGLQ&DPERGLDDQGWKHPDUNHWKDVEHHQGHVFULEHGDVIDVWJURZLQJ0LHFK
et al  0QNH  :RUN E\ %RQGDUL DQG 6KHSSDUG  KDV











%ODFN VROGLHU IO\ Hermetia illucens D PHPEHU 'LSWHUD RI WKH
6WUDWLRP\LGDHIDPLO\ZDVILUVWUHFRUGHGDWWKH+LOR6XJDU&RPSDQ\LQWKH
+DZDLLDQ ,VODQGV LQ  7KH WURSLFDO VXEWURSLFDO DQG ZDUP WHPSHUDWH


































XS WR'0 6W+LODLUHet al E $UDQJR*XWLHUUH]et al
1HZWRQet al7KHO\VLQHFRQWHQWLVSDUWLFXODUO\KLJKRI&3
7KHGU\PDWWHUFRQWHQWRI IUHVK%6) ODUYDH LVTXLWHKLJK LQ WKH UDQJH
ZKLFKPDNHVWKHPHDVLHUDQGOHVVFRVWO\WRGHK\GUDWHWKDQRWKHUIUHVK
E\SURGXFWV1HZWRQet al
7KH IDWW\ DFLG FRPSRVLWLRQ RI %6) ODUYDH GHSHQGV RQ WKH IDWW\ DFLG
FRPSRVLWLRQRI WKHGLHW7DEOH7KHOLSLGVRI ODUYDHIHGRQFRZPDQXUH
FRQWDLQODXULFDFLGSDOPLWLFDFLGROHLFDFLGDQGRPHJD




VKRZQ LQ 7DEOHV  DQG  WKH DPRXQW RI SURWHLQ LQ LQVHFW ERGLHV YDULHV
















Sources: Arango Gutierrez et al. (2004) and Newton et al. (1977).









7DEOH Protein and lipid content of black soldier fly (Hemetia illucens), express in g kg-1 per sample 





/DUYDH &KLFNHQIHHG    6SUDQJKHUVet al

/DUYDH 9HJHWDEOHZDVWH    'HYLFet al







/DUYDH )UXLWZDVWH    0HQHJX]et al
/DUYDH 9HJHWDEOHIUXLWZDVWH   
/DUYDH %UHZHU\E\SURGXFW    ;LDRet al
/DUYDH )UHVKFKLFNHQPDQXUH  
3UHSXSDH 6ZLQHPDQXUH    6W+LODLUHet al
D







0RLVWXUHJNJ    
&UXGHSURWHLQJNJ '0    
&KLWLQJNJ '0    
(WKHUH[WUDFWJNJ '0    




6WXGLHV LQZKLFK  ILVKPHDO LV UHSODFHGZLWK%6)PHDO LQ WKH GLHW RI
GLIIHUHQW ILVK VSHFLHV VXFKEOXH WLODSLD Oreochromis aureus DQG FKDQQHO
FDWILVKIctalurus punctatusVKRZVORZJURZWKUDWH%RQGDUL	6KHSSDUG
 ,Q \HOORZ FDWILVK Pelteobagrus fulvidraco  UHSODFHPHQW RI
ILVKPHDO E\ %6) ODUYD SRZGHU KDV EHHQ IRXQG WR SURGXFH QR VLJQLILFDQW




WKHGLHW IRU HLJKWZHHNVZLWKRXW VLJQLILFDQWO\ DIIHFWLQJ ILVKJURZWKRU WKH
VHQVRU\ TXDOLW\ RI WURXW ILOOHWV DOWKRXJK D VOLJKW EXW QRQVLJQLILFDQW
UHGXFWLRQLQJURZWKZDVREVHUYHG6HDOH\et al,QDQRWKHUQLQHZHHN
VWXG\UHSODFLQJRIILVKPHDOSURWHLQLQUDLQERZWURXWGLHWVZLWK%6)SUH
SXSDH PHDO UHDUHG RQ SLJ PDQXUH GLG QRW DIIHFW ZHLJKW JDLQ DQG IHHG
FRQYHUVLRQUDWLR6W+LODLUHet alD,QDVWXG\RQ$WODQWLFVDOPRQLQ
ZKLFK%6)ODUYDHUHSODFHGRURIILVKPHDOLQDFRQWUROGLHW
FRQWDLQLQJ  JNJ KLVWRORJLFDO H[DPLQDWLRQV GLG QRW UHYHDO GLIIHUHQFHV
EHWZHHQDQ\RIWKHGLHWDU\JURXSVDQGVHQVRU\WHVWLQJRIILOOHWVGLGQRWUHYHDO
DQ\ VLJQLILFDQW GLIIHUHQFHV /RFN et al  -XYHQLOH WXUERW Psetta





7KH SUHVHQFH RI FKLWLQ PLJKW KDYH UHGXFHG IHHG LQWDNH DQG QXWULHQW
DYDLODELOLW\ DQG WKHUHIRUH UHGXFHG JURZWK SHUIRUPDQFH DQG QXWULHQW
XWLOLVDWLRQ.URHFNHOet al7DEOHVXPPDULVHVGDWDIURP6SUDQJKHUV
et alRQWKHFKHPLFDOFRPSRVLWLRQDQGFKLWLQFRQWHQWRI%6)ODUYDH






domestica WKH ILHOG FULFNHW Gryllus testaceus Gryllus bimaculatus
Teleogryllus occipitalis Teleogryllus mitratus WKH VKRUWWDLO FULFNHW
Brachytrupes portentosus DQG Tarbinskiellus portentosus DUH DOO HGLEOH
FULFNHWVSHFLHVYDQ+XLVet al&ULFNHWLVDOVRJRRGSURWHLQVRXUFH

VLQFH LW FDQ JURZ RQ VRPH VXEVWUDWHV WKDW DUH QRW VXLWDEOH IRU KXPDQ
FRQVXPSWLRQ VXFK DV FDVVDYD OHDYHV &DSDUURV 0HJLGR et al 








EHFRPLQJDGXOWV,Q ILHOGFULFNHWV WKHFKLWLQFRQWHQW LV:DQJet al
7KHKRXVHFULFNHWLVHDV\WRIDUPDQGFDQSURGXFHJHQHUDWLRQVSHU
\HDU ,W LV RPQLYRURXV DQG FDQ HDW D ODUJH UDQJH RI RUJDQLF PDWHULDOV
























JURZWK DQG QXWULWLRQ XWLOLVDWLRQ LQ $IULFDQ FDWILVK Clarias gariepinus
ILQJHUOLQJV 7KH GDWD REWDLQHG E\ 7DXIHN et al. D GXULQJ WKDW














Mineral content of house cricket (all values in g/kg DM except for Cu, Mn, Fe and Zn, 








































VLWXDWLRQ LQ$VLDVHDEDVV IDUPLQJVPDOODQGPHGLXPVFDOH$ WRWDORI
KRXVHKROGV ZHUH LQWHUYLHZHG ZLWK   DQG  IDUPHUV LQ 3UHDK









RI FDJHVSRQGV VRXUFH RI ILVK VHHG VWRFNLQJ GHQVLW\ WHFKQLFDO UHVRXUFHV
ZDWHUVRXUFHVPRUWDOLW\FRPPRQILVKGLVHDVHVV\PSWRPVFDXVHDQGHIIHFW
RI GLVHDVHV RSSRUWXQLWLHV DQG FRQVWUDLQWV SUREOHPV RI GLVHDVH ZDWHU







7KH VWXGLHV GHVFULEHG LQ 3DSHUV ,, DQG ,,, ZHUH FRQGXFWHG DW WKH0DULQH
$TXDFXOWXUH 5HVHDUFK DQG 'HYHORSPHQW &HQWUH 0$5'H& ZKLFK LV
ORFDWHGLQ3UHDK6LKDQRXNYLOOSURYLQFHLQ&DPERGLD$VLDQVHDEDVVIU\DQG
ILQJHUOLQJV SURGXFHG DW 0$5'H& IURP ORFDO EURRGVWRFN ZHUH XVHG LQ
JURZWKSHUIRUPDQFHH[SHULPHQWVRQODUYDHDQGILQJHUOLQJVDWGLIIHUHQWZDWHU








KLJK FRQQHFWHG WR LQGLYLGXDO FDQLVWHUW\SH ELRILOWHUV ZLWK FRQWLQXRXV
DHUDWLRQVXSSO\YLDDFHQWUDOFRPSUHVVRUDLUOLQHIRUIU\DQGILQJHUOLQJV 7KH
VWRFNLQJGHQVLW\ZDVIU\WRWDOIU\DWGD\VROGZLWKDQDYHUDJH
VL]H RI  J 7/ PP LQ WKH IU\ WULDO DQG  ILQJHUOLQJV WRWDO 
ILQJHUOLQJVHTXLYDOHQWWRILQJHUOLQJVSHUP DWDQDYHUDJHZHLJKWRI
JLQWKHILQJHUOLQJWULDO
7ZR VHSDUDWH H[SHULPHQWVZHUH DOVRSHUIRUPHG LQ3DSHU ,,, RQHXVLQJ
KDSDV DQG RQH XVLQJ VHSDUDWH ILVK WDQNV ZLWK D YROXPH RI  P 7KH
H[SHULPHQWVZHUH FRQGXFWHG DW GLIIHUHQW WLPHV RI WKH \HDU VLQFH WKH WDQN
IDFLOLW\ZDVQRWDYDLODEOHDOOWKHWLPHDQGWKHLQWHQWLRQZDVQRWWRPDNHDQ\










,Q WKH WDQNH[SHULPHQWSODVWLF WDQNVFRQWDLQLQJP RIZDWHUZHUH










IURP0D\ WR $XJXVW   ZHHNV 7ZR IXOOIDW SURWHLQ VRXUFHV IURP
LQVHFWVQDPHO\FULFNHWPHDO&U0DQGEODFNVROGLHUIO\PHDO%6)0ZHUH
XVHG WR UHSODFH ILVKPHDO DQG SODQW RLO LQ WKH GLHW RI $VLDQ VHDEDVV 7KH
H[SHULPHQWKDGDFRPSOHWHUDQGRPLVHGGHVLJQZLWKWRWDORIHLJKWWUHDWPHQWV
LQFOXGLQJ DQ H[WUD FRPPHUFLDO GU\ SHOOHW IHHG ZLWK WKUHH UHSOLFDWHV SHU
WUHDWPHQW7KHSXUSRVHRILQFOXGLQJDFRPPHUFLDOIHHGZDVDVDQLQGLFDWRU
RIZKHWKHUWKHHQYLURQPHQWLQWKHH[SHULPHQWZRXOGFDXVHDQ\VWUHVVWRWKH













SHOOHW IHHG 2FLDOLV & 2FLDOLV%(51$48$ $6,$ +R &KL 0LQK
9LHWQDP IRU  GD\V 7KH SUR[LPDWH FRPSRVLWLRQ SURYLGHG E\ WKH




%HIRUH IRUPXODWLQJ WKH GLHWV 3DSHUV ,,, DQG ,9 WKH LQJUHGLHQWVZHUH
DQDO\VHGIRUJURVVFKHPLFDOFRPSRVLWLRQFUXGHILEUHDVKHQHUJ\DQGDPLQR
DFLGV 7DEOH'U\EUHZHU¶V\HDVWZDVREWDLQHGDVEHHUPDNLQJUHVLGXHV











































































































































































































































































































































































































































































































































































































































































































































































































































































































































KDSDDQG WDQNH[SHULPHQW UHVSHFWLYHO\7KH IHHGLQJ UDWHZDV UHFDOFXODWHG
EHWZHHQ HYHU\ VDPSOLQJ SHULRG EDVHG RQ H[DFW ZHLJKW LQFUHDVH EHWZHHQ
ZHLJKLQJSHULRGV )LVKPHDODQGGHIDWWHGVR\EHDQPHDOZHUHLPSRUWHGIURP
9LHWQDP7KHH[SHULPHQWDOGLHWVZHUHSUHSDUHGE\PL[LQJWKHGU\LQJUHGLHQWV
WKHQ DGGLQJ VTXLGRLO DQG ILQDOO\ LQFRUSRUDWLQJ VXIILFLHQW GLVWLOOHGZDWHU WR
IRUPDVWLIIGRXJKWKDWZDVUXQWKURXJKDPHDWJULQGHUWRSURGXFHSHOOHWV$OO
GLHWVZHUHGULHGLQWKHVKDGHWKHQVWRUHGLQDIUHH]HUXQWLOXVH$QHZEDWFK
RI GLHW ZDV SUHSDUHG HYHU\ IRXU ZHHNV ZLWK WKH VDPH LQJUHGLHQWV DV WKH
SUHYLRXVEDWFK7KHFRPSOHWHGLHWVLQWKHKDSDDQGWDQNH[SHULPHQWVZHUHVHQW




 FUXGH SURWHLQ DQG  OLSLG H[FHSW LQ GLHW%6)0ZKLFK KDG
SURWHLQDQGOLSLGGXHWRWKHKLJKOLSLGFRQWHQWLQ%6)07DEOH 7KH
H[SHULPHQWDOFULFNHWDQG%6)PHDOGLHWVZHUHIRUPXODWHGZLWKWKUHHOHYHOVRI




K 8QHDWHQ IHHG ZDV FROOHFWHG DQ KRXU DIWHU IHHGLQJ WLPH DQG GULHG IRU
FDOFXODWLRQRI IHHG HDWHQ)LHOG FULFNHWVZHUHERXJKW IURPD VPDOO IDUP LQ
.DQGDOSURYLQFH&DPERGLDZKLOH%6)SUHSXSDHZHUHREWDLQHGIURPDORFDO










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ZHLJKW JDLQ ':* VSHFLILF JURZWK UDWH 6*5 VXUYLYDO UDWH 65 DQG
FRQGLWLRQ IDFWRU ZHUH FDOFXODWHG :DWHU SDUDPHWHUV VXFK DV WHPSHUDWXUH
GLVVROYHGR[\JHQ'2DQGS+ZHUHPHDVXUHGLQHDFKKDSDRUWDQNWZLFHDGD\
,Q3DSHU,,VDOLQLW\ZDVPHDVXUHGDQGDGMXVWHGZKHUHQHFHVVDU\
,Q 3DSHU ,9 LQ DGGLWLRQ WR WKH SDUDPHWHUV OLVWHG DERYH YLVFHURVRPDWLF
LQGH[96,DQGKHSDWRVRPDWLFLQGH[+,6ZHUHGHWHUPLQHG$WWKHVWDUWILYH
ILVK UHSUHVHQWDWLYH VDPSOH IRU LQLWLDO ERG\ FRPSRVLWLRQ ZHUH VDPSOHG DQG
IUR]HQDVDVWDUWLQJUHIHUHQFHIRUERG\SUR[LPDWHFKHPLFDODQDO\VHV$WZHHN











DQDO\VHG XVLQJ VWDQGDUG PHWKRGV $2$&  $PLQR DFLG FRQWHQW ZDV
GHWHUPLQHGE\KLJKSHUIRUPDQFHOLTXLGFKURPDWRJUDSK\+3/&DFFRUGLQJWR
9i]TXH]2UWL] et al.  1LWURJHQIUHH H[WUDFW 1)( ZDV FDOFXODWHG
















DSSURSULDWH ERG\ZHLJKWZDVXVHG DV FRYDULDWH LQSDSHU ,9$OO GDWDZHUH











QHZZDWHU FRPSULVLQJ DURXQGZLWKSVX SUDFWLFDO VDOLQLW\XQLW ZDV
DGGHG WR WKH VHGLPHQWDWLRQ WDQN HYHU\ GD\$ WRWDO RI  ILQJHUOLQJV DW DQ
DYHUDJHVL]HRIJIURPDVLWHLQ1KD7UDQJSURYLQFHORFDWHGDURXQGNP
IURP $Q *LDQJ 8QLYHUVLW\ ZHUH GLVWULEXWHG EHWZHHQ WKH WDQNV VWRFNLQJ
GHQVLW\ILQJHUOLQJVSHUWDQNDQG IHGWKHWHVWGLHWIRUGD\VEHIRUHWKHVWDUW
RI IDHFHV FROOHFWLRQ$HUDWLRQZLWKRQH DLUVWRQHZDVSURYLGHG WR LQGLYLGXDO
WDQNV YLD ORZSUHVVXUH HOHFWULFDO EORZHUV 7KH VHGLPHQWDWLRQ WXEHV ZHUH
FRQQHFWHGE\DIXQQHODWWKHERWWRPRIHDFKWDQNZKHUHWKHILVKIDHFHVVHWWOHG
DQG WKH EDVH RI HDFK WDQN ZDV VXUURXQGHG ZLWK LFH DQG VDOW WR NHHS WKH
WHPSHUDWXUH DW  & DQG WKHUHE\ PLQLPLVH PLFURELDO GHJUDGDWLRQ RI WKH
IDHFHV ,Q DGGLWLRQ WKH H[SHULPHQWDO V\VWHP WDQNV DQGELRORJLFDO ILOWHU WDQN
ZHUHFRYHUHGZLWKZKLWHSODVWLF SRO\HWK\OHQH VKHHWLQJ WRSUHYHQWGXVW DQG
LQVHFWVIURPHQWHULQJWKHILVKWDQNV7KHZDOOVRIWDQNVLQWKHFXOWXUHV\VWHP
DQGLQWKHELRORJLFDOILOWHUV\VWHPZHUHFOHDQHGWRUHPRYHVOLPHIURPILVKDQG











WR IDHFHV FROOHFWLRQ 7KH WKUHH WHVW GLHWV ZHUH SUHSDUHG FRQWDLQLQJ 
UHIHUHQFHGLHWDQGWHVWLQJUHGLHQWVSHQWEUHZHU¶V\HDVWFULFNHWPHDODQG
%6) PHDO EDVHG RQ ILVK UHTXLUHPHQWV VWDWHG LQ &KR et al  7KH




7DEOH Formulation (g kg-1) of the diets in the digestibility experiments 
,QJUHGLHQW &RQWURO &U0 %6)0 %<
)LVKPHDO    
6R\EHDQPHDO    
&ULFNHWPHDO&U0    
%ODFNVROGLHUIO\PHDO%6)0    
%UHZHU¶V\HDVW%<    
:KHDWIORXU    
)LVKRLO    
6R\EHDQRLO    
&DUER[\PHWK\OFHOOXORVH    
9LWDPLQV    
Chemical composition of the diets (% DM) and energy content (MJ kg-1). (Analyses performed 
by National Institute of Animal Sciences, Hanoi, Vietnam)  
0RLVWXUH    
&UXGHSURWHLQ    
/LSLG    
$VK    
)LEUH    
(QHUJ\    
Essential amino acids
$UJLQLQH    
+LVWLGLQH    
,VROHXFLQH    
/HXFLQH    
/\VLQH    
0HWKLRQLQH    
3KHQ\ODODQLQH    
7KUHRQLQH    
9DOLQH    
7RWDO    

)DHFHVFROOHFWLRQ









$SSDUHQW GLJHVWLELOLW\ $' RI GU\ PDWWHU SURWHLQ OLSLG JURVV HQHUJ\ DQG
DPLQRDFLGIRUWKHUHIHUHQFHDQGWHVWGLHWVZDVFDOFXODWHGDVGHVFULEHGE\&KR












QLWURJHQIUHH H[WUDFW DPLQR DFLG DQG JURVV HQHUJ\ FRQWHQW'U\PDWWHUZDV
GHWHUPLQHG E\ GU\LQJ LQ DQ RYHQ DW  & IRU  K1LWURJHQ FRQWHQWZDV
Non-essential amino acids 
$VSDUWLF    
$ODQLQH    
*OXWDPLF    
*O\FLQH    
3UROLQH    
6HULQH    
7\URVLQH    
7RWDO    
Soluble vitamin (name of product) manufactured by International nutrition, OMAHA, NE, 
USA), Net content 1kg: Vitamin A 6,000,000 IU, Vitamin D3 500,000 IU, Vitamin E 4,000 IU, 
Menadione 1,000 mg, Vitamin B1 (Thiamine) 1,000 mg, Vitamin B2 (Riboflavin) 1,100 mg, 
Vitamin B6 (Pyridoxine) 500 mg, Vitamin B12 5000 mg, Pantothenic acid 4,500 mg, Niacin 




K\GURO\VLV RI WKH VDPSOH $VK FRQWHQW ZDV GHWHUPLQHG E\ LQFLQHUDWLRQ LQ D
PXIIOHIXUQDFHDW&IRUK
$OOGLJHVWLELOLW\GDWDZHUHVWDWLVWLFDOO\DQDO\VHGE\*/0RQHZD\$129$




7UDVK ILVK DUH FRPPRQO\ XVHG DV D IHHG IRU $VLDQ VHDEDVV DQG WKH VXUYH\
VKRZHG WKDW D PDMRULW\ RI ILVK IDUPHUV LQ &DPERGLD VWLOO UHO\ RQ WKLV IHHG
UHVRXUFH7KHVXUYH\DOVRVKRZHGWKDWWKHIORDWLQJQHWFDJHZDVPRVWFRPPRQ
IDUPLQJPHWKRGLQ3UHDK6LKDQRXNYLOOZKLOHWKHVWDWLRQDU\FDJHZDVFRPPRQ
LQ.DPSRW DQG.RK.RQJSURYLQFHV 7DEOH  )LJXUH DQG$KLJKHU




FXOWXUH SHULRG 3DUDVLWHV ZKLWH DQG GDUN OHHFKHV ZHUH UHSRUWHG WR FDXVH
PRUWDOLW\LQDOOSURYLQFHV7KHLQFLGHQFHRIVFDOHGURSV\QGURPHZDVUHSRUWHG


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LQ ILQJHUOLQJV ILQDOSHULRGEXW WKHGLIIHUHQFHEHWZHHQ WUHDWPHQWVZDVQRW
VLJQLILFDQWS!DQGS LQIU\DQGILQJHUOLQJVUHVSHFWLYHO\
,Q3DSHU,,,WKHWULDOVLQKDSDVDQGWDQNVZHUHFRQGXFWHGDWGLIIHUHQWWLPHV




WKH WULDO SHULRG RI PRQWKV LQ ERWK KDSDV DQG WDQNVZLWK QR GLIIHUHQFH
EHWZHHQWKHWUHDWPHQWV+RZHYHU':*JGD\LQERWKWKHKDSDDQGWDQN
WULDOV VHHPHG WRGHFUHDVH LQ WKH ILQDOSHULRGZLWKQR VLJQLILFDQWGLIIHUHQFH
EHWZHHQWKHWUHDWPHQWVS IRUKDSDVS IRUWDQNV7KHVXUYLYDOUDWH
LQERWKH[SHULPHQWVZDVLQKDSDLQWDQNH[SHULPHQWDQGZDV



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7KH GLJHVWLELOLW\ UHVXOWV UHYHDOHG WKDW WKHUH ZHUH VLJQLILFDQW GLIIHUHQFHV LQ
FUXGHSURWHLQGLJHVWLELOLW\DQGHQHUJ\EHWZHHQWKHGLIIHUHQWGLHWV7DEOH
7DEOH . Apparent digestibility (% DM) of the test diets, determined using crude 
fibre as internal marker. Values shown are mean ± standard deviation (SD)
'LHW $'RIGLHWDU\&UXGHSURWHLQ /LSLG (QHUJ\
%ODFNVROGLHUIO\PHDO E  E
&ULFNHWPHDO E  E
%UHZHU¶V\HDVW D  D
&RQWURO D  D









LVRQJRLQJ LQ WKH0HNRQJ ULYHU WKUHDWHQLQJ WKH VSDZQLQJPLJUDWLRQRI WKH
PDMRULW\ RI WKHPDLQZLOG IRRG ILVK VSHFLHV LQ&DPERGLD'HYHORSPHQW RI
VXVWDLQDEOH DTXDFXOWXUH LV WKHUHIRUH RI QDWLRQDO LQWHUHVW LQ &DPERGLD
+RZHYHU WKH IDUPLQJ LQGXVWU\ LV LQ PDMRU QHHG RI LPSURYHG DQG








7KHVXUYH\ LQ3DSHU ,GHWHUPLQHG WKHFXUUHQWVWDWHRI&DPERGLDQ$VLDQ




















ZHOO RQ GLIIHUHQW ZDVWH VWUHDPV DYDLODEOH LQ &DPERGLD e.g FDVVDYD WRSV
IRRGILVKZDVWHetc%RWK LQVHFWVKDYHSRWHQWLDO WREHSURGXFHG LQ ODUJHRU
VPDOOVFDOHSURGXFWLRQXQLWV,QJHQHUDOERWKVRXUFHVIXQFWLRQHGZHOOXSWRDQ
LQFOXVLRQOHYHORIFRPSDUHGZLWKDILVKPHDOEDVHGGLHW7KHOLPLWDWLRQ
ZDVQRW SURWHLQ IXQFWLRQ EXW WKHKLJK FRQWHQW RI OLSLGV LQ WKH LQVHFWEDVHG
PHDOVPDNLQJKLJKHULQFOXVLRQUDWHVQXWULWLRQDOO\DQGWHFKQLFDOO\XQIHDVLEOH
,Q WKHad hoc GLJHVWLELOLW\ VWXG\ GHVFULEHG LQ VHFWLRQ  RI WKLV WKHVLV













ZLOG ILVKSRSXODWLRQVYLD FRPSHWLWLRQ DQGSRWHQWLDO LQWHUEUHHGLQJ2QHNH\
LVVXHIRUIDUPHUVZLWKUHJDUGWRERWKWKHHQYLURQPHQWDQGSURILWDELOLW\LVWKH
IHHGVWXIIVXVHGIRUIDUPHGILVKDQGWKHIHHGLQJUHJLPH,Q.RK.RQJSURYLQFH
XVH RI FRPPHUFLDO GU\ SHOOHWV LV XQFRPPRQ ZKLOH LQ .DPSRW DQG 3UHDK
6LKDQRXNYLOOGU\SHOOHWHGIHHGVFRPELQDWLRQZLWKWUDVKILVKDUHXVHGE\OHVV

























ZLGHUGLVSHUVLRQDQGDJUHDWHU LPSDFWXSRQD ODUJHUDUHD:Xet al
$SDUWIURPVHWWOHGZDVWHIHHGVXVSHQGHGVROLGZDVWHDQGGLVVROYHGZDVWHDOVR
KDYHDKLJKHUQLWURJHQFRQWHQWEHFDXVHRIWKHSRRUIHHGFRQYHUVLRQRIWUDVK






WULDOV LQ3DSHU ,,ZHUHFRQGXFWHG WRH[DPLQH WKHHIIHFWRIGLIIHUHQW VDOLQLW\
OHYHOVRQJURZWKSHUIRUPDQFHRIGLIIHUHQWVWDJHVRI$VLDQVHDEDVV IU\DQG
ILQJHUOLQJV 7KHVH WZR OLIH VWDJHV KDG QRW EHHQ FRPSDUHG SUHYLRXVO\ZLWK
UHJDUGWRVDOLQLW\ WROHUDQFHDQGWKHGDWDGHULYHGIRUIU\DQGILQJHUOLQJZHUH
DQDO\VHGVHSDUDWHO\,W ZDVIRXQGWKDWWKHVDOLQLW\GLGQRWVLJQLILFDQWO\DIIHFW
WKHJURZWKRI WKH ILVKVR IDUPHUVZLWKDFFHVV WRZDWHURIGLIIHUHQWVDOLQLW\
OHYHOVZLOOQRWEHGLVDGYDQWDJHGLQFXOWXUHRI$VLDQVHDEDVVIU\RUILQJHUOLQJV
$VSHUIRUPDQFHRIIU\ZDVXQDIIHFWHGZLWKLQWKHVDOLQLW\UDQJHVWHVWHG$VLDQ
VHDEDVVVWRFNFDQEH WUDQVSRUWHG WR IDUPVDV IU\ZKLFKZLOOSURYLGHDFRVW

VDYLQJ WR WKRVH ZKR OLYH IDU IURP ILVK SURGXFWLRQ FHQWUHV FRPSDUHG ZLWK
VKLSSLQJILQJHUOLQJV
$VLDQ VHDEDVV LV HXU\KDOLQH H[KLELWLQJZLGH VDOLQLW\ WROHUDQFH UDQJHV
2WKHUZLVH ILVK UHDUHG LQ ZDWHU RXWVLGH WKHLU RSWLPDO VDOLQLW\ UDQJHV PD\
LQFUHDVHHQHUJ\DOORFDWLRQWRZDUGVRVPRUHJXODWLRQWRUHJXODWHZLWKLQWKH

















OHYHOV RI GLHWDU\ QXFOHLF DFLGV HOHYDWH SODVPD XULF DFLG DQG SURGXFH
WR[LFRORJLFDO HIIHFWV VXFK DV GLVWXUEDQFHV LQ WKH PHWDEROLVP RI IDW






7KLV ZDV PRVW SURPLQHQW LQ WKH KDSDV ZKLOH IRU ILVK NHSW LQ WDQNV WKLV
WHQGHQF\ZDVVPDOOHUSRVVLEO\EHFDXVHWKH\KDGWKHRSSRUWXQLW\WRIHHGIURP
WKHERWWRPRI WKH WDQN JLYLQJ WKHPD ORQJHU WLPH WR DFFHSW WKH IHHG7KLV
ZRXOGEHFRQVLVWHQWZLWKDSRVVLEOHWDVWHGLIIHUHQFHLQ\HDVWFRPSDUHGZLWK
















6HYHUDO VWXGLHV LQFOXGLQJ WKRVH E\ /L DQG*DWOLQ  ZRUNLQJZLWK
VWULSHG EDVV Morone chrysops î M. saxatilis DQG 2UWXxR et al 
ZRUNLQJ ZLWK JLOWKHDG VHDEUHDP Sparus aurata UHSRUW WKDW GLHWDU\ \HDVW
LPSURYHVWKHJURZWKSHUIRUPDQFHDQGWKHLPPXQHV\VWHP5REHUWVHQ
REVHUYHG WKDW WKH DFWLYDWLRQ RI WKH LPPXQH V\VWHPPD\ LQYROYH JOXFDQV















UHIXVDO ZDV QRW REVHUYHG LQ HLWKHU KDSDV RU WDQNV SHUKDSV EHFDXVH 
EUHZHU¶V\HDVWLQFOXVLRQLVPXFKORZHUWKDQLQSUHYLRXVVWXGLHV,QDGGLWLRQ
DOWKRXJKWKHZHLJKWJDLQZDVVLPLODU LQILVKIHGEUHZHU¶V\HDVWFRPSDUHGZLWK
WKHFRQWURO)&5ZDVVLJQLILFDQWO\KLJKHUS LQKDSDVS  LQWDQNV
LQILVKIHGGLHWVZLWKKLJKHUOHYHOVRI\HDVW LQFOXVLRQ7KLVSRVVLEO\UHIOHFWV
VOLJKWO\ORZHUGLJHVWLELOLW\RIWKH\HDVWSURWHLQFRPSDUHGZLWKILVKPHDOSURWHLQ
DQG LV FRQVLVWHQWZLWK ILQGLQJV LQ WKH GLJHVWLELOLW\ WULDO LQGLFDWLQJ DSSDUHQW
GLJHVWLELOLW\IRUEUHZHU¶V\HDVWRI7DEOHFRPSDUHGZLWKFORVHWR
 IRU PRVW ILVKPHDO 7KH  GLJHVWLELOLW\ YDOXH LV FRQVLVWHQW ZLWK
SUHYLRXV ILQGLQJV IRUEDNHU¶V\HDVW LQ$UFWLFFKDUU Salvelinus alpinusDQG
(XUDVLDQSHUFKPerca fluviatilis/DQJHODQGet al,WLVDOVRSRVVLEOH

WKDW EUHZHU¶V \HDVW FRQWDLQV DQWLQXWULWLRQDO IDFWRUV e.g QXFOHLF DFLGV VHH









al  WKH ILVK ZHUH JLYHQ DPSOH WLPH WR DGDSW WR WKLV FKDQJH EXW D
FRPSDULVRQ EHWZHHQ ILVK UHDUHG LQ SDUDOOHO WR WKH H[SHULPHQWDO ILVK DQG
PDLQWDLQHGRQWKHIORDWLQJGLHWLQGLFDWHGWKDWWKHH[SHULPHQWDOGLHWVZHUHQRW








%6) ODUYDH LQVWHDG RI SUHSXSDH RU SXSDH ZKHUH WKH FKLWLQ OHYHO LV PRUH
SURPLQHQW,Q WKHFDVHRIFULFNHWPHDOWKLVRSWLRQLVQRWSRVVLEOHDVWKHQ\PSK
LVDVPDOOFRS\RIWKHDGXOWDQLPDO6XUSULVLQJO\WKHIHHGLQJUHGLHQWGLVSOD\LQJ



















HVSHFLDOO\ LQ ORZUHVRXUFHHQYLURQPHQWVVXFKDV&DPERGLDZKHUH WKH\FDQ






EHHQ UHSRUWHG WR LPSURYH ILVK KHDOWK LQ WHUPV RI UHVLVWDQFH WRAeromonas 
hydrophila LQIHFWLRQ LQ$IULFDQ FDWILVK Clarias gariepinus ZKHQ WKH ILVK
ZHUH IHG D GLHW FRQWDLQLQJ FULFNHW PHDO DW  DQG  J NJ± LQVWHDG RI
ILVKPHDO ,Q DGGLWLRQ LQFRUSRUDWLQJ FKLWLQ LQWR PDULQH ILVK GLHWV KDV EHHQ
UHSRUWHGWRHQKDQFHWKHLQQDWHLPPXQHV\VWHPDFWLYLW\LQVHDEUHDP(VWHEDQ
et al  VWLPXODWHPDFURSKDJH DFWLYLW\ LQ UDLQERZ WURXW 6DNDL et al




UHSRUWHG E\.DW\Det al  LQ$VLDQ VHDEDVV UHDUHG LQ IUHVKZDWHU E\













 GHSHQGLQJ RQ WKH ILVK VSHFLHV +RZHYHU GLHWDU\ VXSSOHPHQWDWLRQ ZLWK
O\VLQHDQGPHWKLRQLQHDOORZHGGLHWDU\%6)OHYHOXSWRDPD[LPXPRI
ZKHQ IHG WR$WODQWLF VDOPRQ /RFNet al 2WKHU VWXGLHVRQ UDLQERZ
WURXWKDYHVKRZQWKDWWKHQHJDWLYHHIIHFWRIKLJKLQFOXVLRQOHYHOVRI%6)LV
VXEVWUDWHGHSHQGHQW 6HDOH\et al7RPEHUOLQet al REVHUYHG
WKDW WKH GHYHORSPHQW DQG YDULRXV OLIHKLVWRU\ WUDLWV RI %6) DUH KLJKO\





PDULQHFRPSRQHQWVHLWKHU LQ WKHVXEVWUDWHXVHGWRIHHGWKHODUYDHRU LQ WKH
ILQDOGLHWPXVWEH LGHQWLILHG LQRUGHU WRRSWLPLVH WKLV IHHGVRXUFH3RVVLEOH
FDUU\RYHUHIIHFWVRIHVVHQWLDOQXWULHQWVIURPPDULQHVRXUFHVVXFKDVVHDZHHG









IRXQG LQ WKLV WKHVLV 7DEOHZHUH ORZHU WKRVH UHSRUWHGE\%HOJKLWet al









+RZHYHU UHSODFHPHQW RI ILVKPHDO ZLWK %6) GLG QRW DIIHFW WKH +6,ZKHQ
LQVHFWPHDOZDVLQFOXGHGLQWKHGLHWRI$WODQWLFVDOPRQDWDPD[LPXPOHYHORI




'LJHVWLELOLW\ KDV EHHQ GHILQHG DV WKH DPRXQW RU SURSRUWLRQ RI QXWULHQWV RU
FDWHJRULHVRIQXWULHQWVVXFKDVFUXGHSURWHLQWKDWGLVDSSHDUVIURPDPHDODVLW
SDVVHVWKURXJKWKHGLJHVWLYHV\VWHPDQGLVH[FUHWHGLQIDHFHV15&,Q















ORZHU WKRVH LQ 7DXIHN et al E ZKR UHSRUW DSSDUHQW GLJHVWLELOLW\
FRHIILFLHQWV $'& RI  DQG  IRU FUXGH SURWHLQ DQG HQHUJ\
UHVSHFWLYHO\ FRPSDUHG ZLWK  DQG  UHVSHFWLYHO\ LQ WKLV WKHVLV
7DEOH+RZHYHUWKHLUYDOXHIRUHQHUJ\GLJHVWLELOLW\ZDVORZHU




ORZHU WKDQ WKH UDQJH LQGLJHVWLELOLW\YDOXHV W\SLFDOO\REVHUYHG IRU ILVKPHDO
 15& 7KHGLJHVWLELOLW\RI ILVKPHDOGLHW VKRXOGEHKLJKHU
WKDQ WKDW RI LQVHFWPHDO VLQFH WKH FXWLFOH RI LQVHFWV FRQWDLQV FKLWLQ WKDW LV




WKDW VWXG\ DQG LWV FDSDFLW\ LQ WKLV UHVSHFW UHPDLQV XQNQRZQ 7KH YDOXH
REWDLQHG IRU%6)FUXGHSURWHLQGLJHVWLELOLW\ 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